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(54) I-V CONVERTING AMPLIFIER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the influence of 
manufacture variance and to make the temperature 
coefficient of an output voltage small by using 
resistances having small parasitic capacity as the initial- 
stage "feedback resistance and 2nd~state input 
resistance of the I-V converting circuit of two-stage 
constitution. 

SOLU TION: A power source is connected to the 
epitaxial-side terminal 1 of a base epitaxial photodiode 2 
and the oth er end Is connected to the 1-V converting 
amplifier of two-stags constitution. The Ist-stage 
amplifier 3 consists of an operational amplifier and the 
feedback resistance 7 formed of an H~ poiysiflcpn 
resistance and converts a photocurrent generated in the 
photodiode 2 into a voltage output. The 2nd-stage 
amplifier 4 consists of an operational amplifier and an 
input resistance which is an N- poiysiiloon resistance 
and feedback resistances S and 10 consists of an N- 
poiysiiicon, resistance and a p- baso resistance. The 
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[Giaim(s)] 

[Claim 1] It is the J-V conversion amplifier which it is constituted as two-step amplifier by the I- 
V conversion circuit and the voltage amplification circuit, the 1st step of !™V conversion circuit 
has the function of impedance conversion, and voltage amplification [ the 2nd step of j circuit 
considers the output from said I-V conversion circuit as ■ an input, and is characterized by being 
what acquires gain. 

[Claim 2] It is the !-V conversion amplifier according to claim 1 which said I-V conversion c ircuit 
« . c voii >kh 3 ^p! Ication circuit have a feedback resister, respectively, and is characterized 
by said voltage amplification circuit being what the output from said I-V conversion circuit inputs 
through input resistance. 

[Claim 3] The feedback resister which said voltage amplification circuit has is f-V conversion 
amplifier according to claim 2 characterized by being what consists of at least two or more 
resistance which carried out series connection. 

[Claim 4] The feedback resister which said I~V conversion circuit has, and said input resistance 
are I~V conversion amplifier according to claim 2 or 3 characterized by constituting from little 
resistance of parasitic capacitance. 

[Claim 5] I-V conversion amplifier according to claim 4 characterized by using poiysiSicon 
resistance as little resistance of said parasitic capacitance. 

[Claim 6] The feedback resister which said voltage amplification circuit has is I-V conversion 
amplifier according to claim 2 or 3 characterized by consisting of combination of lithe resistance 
of parasitic capacitance, and small resistance of manufacture dispersion. 

[Claim 7] The combination of little resistance of said parasitic capacitance and small resistance 
of manufacture dispersion is i-V conversion amplifier according to claim 8 characterized by being 
the combination of said polysliicon resistance and base resistance. 

[Claim 8] The percentage of said polysilicon resistance and base resistance is I-V conversion 
amplifier according to claim 5 characterized by setting it as n: (1-n) (n<=1). 
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::.U r3 RIPHON 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This Invention relates to I-V conversion amplifier, especially the l~V 

conversion amollfier- of the account rec/olay student eauioment of ooticai. 

[00023 

D f the pMOf Art] T K e optical t- ^ ^ tl e 

conventional optical disk unit, are shown in drawing_8 . The light by which outgoing radiation was 
carried out from semiconductor laser 101 Is condensed with a lens 105, and as shown in drawing 
6 , in the disk 1 10 as a record medium, the optica! receiving component 108 irradiates, and after 
the light reflected there is changed Into an electrical signal, it is inputted into a control circuit 
1 12, As for a grating plate and 103, 102 is [ half prism and 104 ] coilimate lenses. 
[0003] The optica! receiving component 108 is equipped with two or more photodiodes so that a 
focus and a tracking servo can be controlled, and the J-V conversion amplifier which changes a 
photocurrent into a voltage signal Is further connected to each photodiode. For 107, as for a 
focal actuator and 109, a cylindrical Sens and 108 are [ a tracking actuator and 113 j servo 
control. 

[0004] In recent years, the optical receiving component 1 08 is becoming in use [ what forms a 
photodiode 'and an I-V conversion amplifier on the same chip ] with the miniaturization* of 
equipment, and rctatlont high-speed j-lzing of a record medium (disk) 1 10, And the demand of 
broadband-izing has been increasing about electrical characteristics. 

[0005] As I-V conversion amplifier corresponding to such a demand, as shown in drawing 5 . a 
has amplifier 21, the photodiode 20, and the feedback resister 23, and there are some which 
moreover formed the feedback resister 23 by the polish recon resistance with small parasitic 
capacitance (refer to dP.5-259498,A) 
[0006] 

[ProbtemCs) to be Solved by the Invention] However, output voltage was proportional to a 
faadbaei t nee i cs the sf ass tttcnbetw er polish 

recons was flexible, polish recon resistance could not control resistance rhos by the ion 

eture dispersion was large, It had the technical problem that 
manufacture dispersion of a process was large, about output voltage. 

[0007] Furthermore, since the polish recon temperature resistance coefficient was large, the 
technical problem that temperature dependence was large occurred about output voltage. 
[0008] Furthermore o make c Is <- gh - 1 a fe s ad to 

be arged, but if a fee< >e motion capac nee of a 

photodiode and the time constant of a feedback resister would become large and a band would 
not be expanded, when it was going to obtain a high power electrical potential difference, the 
technical problem that broadband-nation of I-V conversion amplifier was unrealizable occurred. 
[0008] The purpose of this invention is to offer the I-V conversion circuit which realized 
reduction of process manufacture dispersion of output voltage, reduction of the electrlcah 
y of output voltage, and broaoband-lzation. 

[0010] 

[Means for Solving the Problem] In order to attain said purpose, the I-V conversion amplifier 
concerning this Invention Is constituted as two-step amplifier by the I-V conversion circuit and 



the voltage amplification circuit the 1st step of I-V conversion circuit has the function of 
impedance conversion, and voltage amplification [ the 2nd step of ] circuit considers the output 
from said hV conversion circuit as an input, and acquires gain, 

[001 1] Moreover, said i-V conversion circuit and said vo ?;< amplifica on circuit have a 
feedback resistor, respectively, and the output from said I~V conversion circuit inputs said 
voltage amplification circuit through input resistance, 

[0012] Moreover, the feedback resister which said voltage amplification circuit has consists of at 
least two or mors resistance which carried out series connection. 

[0013] Moreover, the feedback resister which said I~V conversion circuit has, and said input 
resistance con- st of IH I tic ca 

[0014] Moreover, polysiiicon resistance is used as ittie re< ^ , - . . «. ^ . ^ 

[0015] Moreover, the feedback resister which said voltage amplification circuit has consists of 
combination of little resistance of parasitic capacitance, and small resistance of manufacture 
dispersion. 

[0018] Moreover, the combination of little resistance of said parasitic capacitance arid small 
resistance of manufacture dispersion is combination of said polysiiicon resistance and base 
resistance. 

[0017] Moreover, the percentage of said polysiiicon resistance and base resistance is set as n: 

(1-n) (n<=1). 

[0018] 

[Function] According to this invention, it considers as a two-step amplifier configuration, and the 
feedback resister of the first rank and the 2nd step of input resistance consist of N-polysilicon 
resistance. For this reason, manufacture dispersion of the 2nd step of feedback resister is 
reflected in manufacture dispersion of output voltage, and it becomes possible by constituting 
the 2nd step of feedback resister from P-base resistance with little manufacture dispersion to 
reduce manufacture dispersion of output voltage. 

[001 8] Moreover, if the 2nd step of feedback resister is constituted from combination of ,N~ 
poiysillcon and P-base resistance, since it is -SOOOppo and ~14G0ppn, respectively, a 

- > ran set the ratio of combination as a value which becomes small [ a 

[0020] Since the 1st step in the amplifier of a two-step configuration has the function of 
impedance conversion, if becomes possible [ realizing a broadband by high power j by acquiring 
gain with the 2nd step of amplifier. 
[0021] 

[Embodiment of the Invention] Next, the gestait of operation of this Invention is explained to a 
deta I with >fei > tct to 

[0022] (Operation gestait) In drawing. 1 , the I-V conversion amplifier concerning the operation 
gestait c - ' ' er by the two-step amplifier which 

changes the photoeurrent of a photodiode 2 into an electrical potential difference, i.e.. amplifier 
(I-V conversion circuit) 3 and amplifier (voltage amplification circuit) 4. And the function of 
impedance conversion is given to the 1st step of amplifier (i-V conversion circuit) 3, and the 2nd 
v0 - „ • s the 1st step of output from amplifier 3 

as an Input, and acquires gain. 

[0023] The feedback resister 7 of the 1st step of amplifier 3 Is formed by little resistance of 
tarsi sar The 2 id step of jf res stance 3-' - y resistance e feedback 

resister ? of the 1st step of amplifier 3. and of the same kind, and the feedback resister of the 
2 d st€ 3 of an p r- 4 s To med t\ rt p-' res star ie 5 the stance 3 of the same kind, and 
the small resistance 10 of manufacture dispersion. The ratio of resistance 9 and resistance 10 
can be set as arbitration accord ng to the output temperature coefficient demanded. 
[0024] forming resistance ?, resistance 8, and resistance 9 by N-polysiiicon resistance or N+ 
polysiiicon resistance, and specifically forming resistance 10 by p-base resistance or P+ base 
resistance — ** — it is desirable. 

[0025] Moreover, as for the 1st step and the 2nd step of amplifier 3 and 4, it Is desirable that It 
is the amplifier or operational amplifier of a difference Input moid. Furthermore, a photodiode 2 



j which Photocurrent lp flows in the direction of the arrow head of drawing 



[C • : Drawing 2 shows the wave of each part to an optica; input signal i i the operation ge t sit 
shown in drawing 1 . 

}Q27 n ocut it w ich 2 (a) by iase bea 3 < generates 

<*e 2 is shown 

1} / * s tentiai difference of V01 when I-V co - 

photocurrent of drawing (b) is carried out with the 1st step of amplifier 3. The signal is swaying 
to the negative side to reference voltage Vc. 

[0029] Drawing. 2 id) shows the output voltage from the 2nd step of amplifier 4. Here, 4 times as 

sin s is set up to V01 t ng to n i& v'c 

[0030] (Example 1) The example of the operation gestait of this Invention is explained as an 
, - \ h ?> ^ > ! * "t^ by the side of EPI of the 

BESUEPI form photodiode 2 is connected to an Intermptible power source Vcc, and the other 
end is connected to the FY conversion amplifier of a two-step configuration. 
[0031] The 1st step of amplifier 3 consists of an operational amplifier and a feedback resister 7 
formed by N-polysiiicon resistance, and changes into a voltage output the photocurrent 
generated in the photodiode 2. 

[0032] Feedback registers 9 and 10 consist of N~polysliieon resistance and P-basa resistance 
for the 2nd step of amplifier 4 including an operational amplifier and the input resistance 8 of N- 
polysiiicon resistance, respectively. The resistance ratio of th sta ce R3 and f fe - a< 
re sisters 9 and 10 is set as n: (1~n) (n<-1). By this configuration, output voltage V0 is V0~IpxR1 
(N-) x(R3(N-HR4 (P--»/R2 (N-). 

It comes out, and since it is expressed, the manufacture variation of output voltage and a 
temperature coefficient are determined by the term of R3(N~)+R4 (P-), 

[0033] If manufacture variation of N-poiysillcon resistance [ manufacture variation [20% of ] I and 
P-base resistance is now made into }t5%j. the manufacture variation of output voltage will be set 
to delta V0(%) =20xn+1S(1-n). 

[0034] Moreover, temperature coefficient delta!" of output voltage is deltaT(ppm) =- 
3000xn+1400x (1-n). 

It becomes (however, setting -3000 ppm and P-base resistance temperature coefficient to - 
1400 ppm for M-polysilicon temperature coefficient of resistance). 

[0035] Moreover, since this example can cope with it by raising the voltage gain of the 2nd step 
ot a rsp ft€ • without naking the feedback resister linking directly to a photodiode large beyond 
the need like [ at the time of one step of amplifier j in order to obtain high power since it is a 
two-step configuration, it can carry out [ broadband ]-iztng easily. 

[0036] Next, the effectiveness acquired according to the example 1 of this invention is shown in 
rawing 4 . By < sta ice R3 of resistance 9 and 10 shows that 

ie 1 1 ent put voltage c on. More t 

(at the time of n~ 1) of constituting a circuit only from N-polysiUcon resistance shows that 
! educed 

00J Sk i l t i> & i f r t > f r 

1 shown In drawing 1 , although the input to amplifier is made into s difference Input. In the 
example I „ ov n draw 3 - s chs ^o o, - a i ng out a single-sided input at the 

fk 3 and 14 of a two step cc w ration. 
[0038] Effectiveness equivalent to an example 1 can be acquired also according to an example 2. 

[003S] 

[Effect of the Invention] As explained above, while being able to reduce the effect of 
manufacture dispersion by forming the feedback resists?' of the first rank, and the 2nd step of 
input resistance by little resistance of parasitic capacitance by the I-V conversion circuit of a 
two-steo configuration according to this invention, the temperature coefficient of output voltage 
can be made small. 

[0040] Furthermore s ce ampiifie s made a two-step flgurai i the first ra - s made hm 



an impedance-conversion circuit and gain Is set up in the 2nd step, even if it. sets it as a high 
t>ower electr > jndHzation of I~V convers er can be 

attained. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing J.3 & - s the circuit diagram showing the example 1 of this invention. 

[Dr< ,v 2] It is the property Fig. showing the wave of each part of the example 1 of this 

invention. 

| ] i -un showing the example 2 of this invention. 

[Drawing 4] It is the property Fig. showing the relation of the temperature coefficient of output 
voltage and manufacture dispersion in the example 1 of this invention. 
D v ' te :irc diagram showing the conventional example. 

[Drav nj jJ It is the block diagram showing the account rec/play student equipment of optical. 
[Description of Notations] 

2 Photodicde 

3 13 Amplifier 

4 14 Amplifier 

7 N Po v I i i ssis c dback Ri ter) 

- N- i r ; stance) 

9 N-Polysilicon Resistance (Feedback Register) 

10 P-Base Resistance (Feedback Resister) 
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